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cense.Abstract 5,6-Dihydrobenzo[h]quinoline derivatives 4a–f and 5a–c were prepared via condensation
of the corresponding arylidenes 2, with 1-tetralone in the presence of ammonium acetate and
sodium methoxide, respectively, following thermal, microwave and ultrasound methodologies.
The yields of 4a–f were moderate when the latter two methodologies used, but the products were
pure. Ultrasound and microwave irradiation methods were also used in the synthesis of 4-aryl-3-
cyano-1,2,5,6-tetrahydro-benzo[h]quinoline-2-ones (6a–e) and its analogues 7a,b. The majority of
compounds 4–7 were synthesized via one-pot multicomponent reactions of aldehydes, active
cyanomethylene compounds, 1-tetralone and ammonium acetate. Attempts to cyclocondensation
of the aminocyano derivative 4a,d with acetic anhydride in presence of conc. H2SO4 failed; instead
the acetylamino derivative 8 was isolated. On the other hand, reﬂuxing of 4d with formamide in
DMF led to the formation of dihydrobenzo-pyrimidoquinoline 9 giving good yield. All prepared
condensates were structurally elucidated by various spectroscopic methods. Screening of the poten-
tial cytotoxicity for compounds 4a–f on ﬁve cell lines, namely: colorectal carcinoma (HCT-116),
Hepatocellular carcinoma (HEPG2), Human breast adenocarcinoma (MCF7), Cervix adenocarci-
noma (HELA) and Glioblastoma (U251), did not show any cytotoxic activity.
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lsevier1. Introduction
Arylidenes are considered as key intermediates for the synthesis
of a variety of heterocycles of biological importance. Thus, they
have been widely applied in the synthesis of, for example, pyr-
idine (Otto et al., 1979; Ankiwala, 1992; Paul et al., 1998), pyr-
idazine (Abdelrazek et al., 2001), imidazopyrimidines (Elkholy
and Erian, 2003), quinoline (Elkholy and Morsy, 2006; Elkho-
ly, 2007) and pyridopyrimidine derivatives (Youssif et al.,
1991). These derived nitrogen compounds were found to exhi-
bit a variety of biological activities, including cardiotonic
200 T.M. Al-Mutairi et al.(Behit and Baraka, 2005), antibacterial (Kandeel, 2001; Al-
Omran et al., 2001), antifungal (El-Helby et al., 2006; El-Gaby
et al., 2000), antiinﬂammatory (Girgis et al., 2007) and antican-
cer effects (Hammam et al., 2001, 2005). Motivated by the
aforementioned biological and pharmacological importance
of the title compounds, and due to our increased activity in-
volved in the synthesis of a variety of nitrogen-containing het-
erocycles during the past few years (El-Baih et al., 2000, 2006;
El-Baih, 2003, 2004, 2005; Al-AlShaikh et al., 2006; El-Shehry
et al., 2008), we reported herein the synthesis of some 5,6-dihy-
drobenzo[h]quinoline derivatives and related heterocycles
adopting thermal, microwave and ultrasound irradiation tech-
niques. Moreover, in some cases we used a one-pot multicom-
ponent reaction.
2. Experimental
2.1. General
Melting points were determined using an electrothermal’s
IA9000 series digital capillary melting point apparatus and
are uncorrected. IR spectra were obtained, as KBr discs, on
a 1000-Perkin Elmer FT-IR spectrophotometer. 1H and 13C
NMR spectra were recorded on a JEOL ECP-400 NMR in
CDCl3 (or DMSO-d6) using TMS as an internal standard.
Chemical shifts are given in d ppm and coupling constants
(J) are given in Hz. The assignments of all carbons in 4–7
are made by comparison to 13C NMR spectra of structurally
related compounds and theory ground (Lambert and Mazzola,
2004; Pavia et al., 2001). Electron impact (EI) MS spectra were
acquired with the aid of a Shimadzu GCMSQP5050A spec-
trometer, DB-1 glass column 30 m, 0.25 mm, ionization energy
70 eV, at the Chemistry Department, College of Science, King
Saud University.
2.1.1. 2-Arylidenemalononitrile (2a–f), ethyl-3-aryl-2-
cyanopropenoate (2g–j) and 3-(40-methoxy-phenyl)-2-
cyanopropenamide (2k),3-(40-methoxyphenyl)-2-
cyanopropenethioamide (2l)
They were prepared as reported (Lambert and Mazzola, 2004;
Pavia et al., 2001; Deb and Bhuyan, 2005).
2.1.2. 2-(40-Methoxybenzylidene)malononitrile (2d)
Greenish yellow needles, m.p. 114 C; yield, 87%; IR (cm1):
2221 (C„N), 1605 (C‚C); 1H NMR (CDCl3): 3.89 (1H, s,
OCH3), 6.99 (2H, d, J= 8.8 Hz, H-3
0, H-50), 7.63 (1H, s, H–
C‚C), 7.88 (2H, d, J= 8.8 Hz, H-20, H-60); 13C NMR: 55.9
(OCH3), 113.5, 114.5 (2CN), 78.5, 115.2, 124.1, 133.6, 159.0,
164.9 (sp2 carbons); MS: m/z (%) 184 (44) [M+]
(C11H8N2O), 185 (6) [M+1], 169 (7) [MCH3], 155 (5)
[MHCN–2H], 141 (25) [MCH3–HCN–H], 114 (80) [141-
HCN], 99 (11) [MOCH3–2HCN], 88 (43) [114-C2H2], 77
(15) [MC6H4OCH3], 63 (89) [155-C4HN2–CO–H], 53 (22)
[MC4HN2–CO–C2H2], 50 (100) [MC4HN2–OCH3–C2H2].
2.1.3. Ethyl-3-(4-methoxyphenyl)-2-cyanopropenoate (2h)
Lemon yellow powder, m.p. 79 C; yield 60%; IR (cm1): 2216
(C„N), 1717 (C‚O), 1586 (C‚C); 1H NMR (CDCl3): 1.36
(3H, t, J= 7.3, CH3), 3.68 (3H, s, OCH3), 4.34 (2H, q,
J= 7.3, CH2), 6.96 (2H, d, J= 8.8 Hz, H-3
0, H-50), 7.96 (2H,
d, J= 8.8 Hz, H-20, H-60), 8.13 (1H, s, H–C‚C); 13C NMR:14.3 (CH3), 62.5 (OCH2), 55.7 (OCH3), 116.3 (CN), 99.4,
114.8, 124.4, 133.7, 154.4, 163.8 (sp2 carbons), 163.2 (C‚O);
MS: m/z (%) 231 (100) [M+] (C13H13NO3), 232 (17) [M+1],
230 (10) [MH], 216 (5) [MCH3], 203 (20) [MHCN–CN],
186 (30) [MOC2H5], 158 (18) [MCO2C2H5], 143 (10) [158-
CH3].
2.1.4. 3-(40-Methoxyphenyl)-2-cyanopropenamide (2k)
White ﬁne needles; m.p. 206 C (from ethanol); yield 40%; IR
(cm1): 3446,3168 (NH2), 2207 (C„N), 1697 (C‚O), 1583
(C‚C); 1H NMR (CDCl3): 3.87 (3H, s, OCH3), 5.64 (1H,
br.s, NH), 6.24 (1H, br.s, NH), 6.98 (2H, d, J= 8.8 Hz, H-
30, H-50), 7.94 (2H, d, J= 8.8 Hz, H-20, H-60), 8.24 (1H, s,
H–C‚C); 13C NMR: 55.7 (OCH3), 117.8 (CN), 99.4, 114.9,
124.5, 133.4, 153.5, 162.5 (sp2 carbons), 163.7 (C‚O); MS:
m/z (%) 202 (100) [M+] (C11H10N2O2), 203 (14) [M+1], 201
(79) [MH], 186 (13) [MCH3–H], 158 (8) [186-HCNH],
115 (7) [158-CONH2+H].2.1.5. 2-(40-Methoxybenzylidene)-1-tetralone (3)
It was prepared as reported (El-Baih et al., 2006).
2.2. General procedure for synthesis of 4a–f
2.2.1. Method A: for synthesis of 4a–d
A mixture of 1-tetralone (0.44 g, 3 mmol), 2a–d (3 mmol) and
ammonium acetate (1.85 g, 24 mmol) in ethanol (15 mL) was
heated under reﬂux for 5 h; the solid product was ﬁltered,
washed with ethanol, dried and recrystallized.
2.2.2. Method B: for synthesis of 4a–d
A mixture of 1-tetralone (0.44 g, 3 mmol), 2a–d (3 mmol) and
ammonium acetate (1.85 g, 24 mmol) was placed in a 100 mL
beaker covered with a watch glass and was then irradiated with
microwave (300 W) for 4–4.5 min. The cold reaction mixture
was treated with ethanol; the solid product was ﬁltered, dried
and recrystallized.
2.2.3. Method C: for synthesis of 4d–f
A mixture of 1-tetralone (3 mmol), 2d–f (3 mmol) and ammo-
nium acetate (24 mmol) in absolute ethanol (10 mL) was
placed in a 25 mL conical ﬂask, and was then irradiated in
the water bath of an ultrasonic cleaner for 5 min, the solid
product was ﬁltered, washed with ethanol, dried and
recrystallized.
2.2.4. Method D: for synthesis of 4a–f
A mixture of 1-tetralone (1.46 g, 10 mmol), 1a–f (10 mmol),
malononitrile (10 mmol) and ammonium acetate (6.16 g,
80 mmol) in absolute ethanol (50 mL) was heated under reﬂux
for 8 h; the solid product was ﬁltered, washed with ethanol,
dried and recrystallized.
2.2.5. Method E: for synthesis of 4a–f
A mixture of 1-tetralone (1.46 g, 10 mmol), 1a–f (10 mmol),
malononitrile (10 mmol) and ammonium acetate (6.16 g,
80 mmol) was placed in a 100 mL beaker covered with a
watch glass and was then irradiated with microwave
(300 W) for 4–4.5 min. The cold reaction mixture was treated
with ethanol; the solid product was ﬁltered, dried and
recrystallized.
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A mixture of 1-tetralone (0.44 g, 3 mmol), 1d (0.41 g, 3 mmol),
malononitrile (0.20 g, 3 mmol) and ammonium acetate (1.85 g,
24 mmol) in absolute ethanol (10 mL) was placed in a 25 mL
conical ﬂask, and was then irradiated in the water bath of an
ultrasonic cleaner for 26 min, the solid product was ﬁltered,
washed with ethanol, dried and recrystallized.
2.2.7. Method G: for synthesis of 4d
A mixture of 3 (2.64 g, 10 mmol), malononitrile (0.66 g,
10 mmol) and ammonium acetate (80 mmol) in absolute etha-
nol (50 mL) was heated under reﬂux for 8 h; the solid product
was ﬁltered, dried and recrystallized.
2.2.8. Method H: for synthesis of 4d
A mixture of 3 (2.64 g, 10 mmol), malononitrile (0.66 g,
10 mmol) and ammonium acetate (80 mmol) was placed in a
100 mL beaker covered with a watch glass and was then irra-
diated with microwave (300 W) for 4 min. The cold reaction
mixture was treated with ethanol; the solid product was ﬁl-
tered, dried and recrystallized from ethanol.
2.2.9. 2-Amino-4-(40-bromophenyl)-3-cyano-5,6-
dihydrobenzo[h]quinoline (4a)
Yellow cubes; m.p. 214 C (from ethanol); yield 42A, 38B, 32D,
37E%; IR (cm1): 3462, 3273 (NH2), 2208 (C„N);
1H NMR
(CDCl3): 2.58–2.63 (2H, m, CH2 at C-5), 2.76–2.80 (2H, m,
CH2 at C-6), 5.21 (2H, s, NH2), 7.20 (3H, d, J= 8.0, H-2
0,
H-60, H-7 (overlapped)), 7.34–7.37 (2H, m, H-8, H-9), 7.64
(2H, d, J= 8.0, H-30, H-50), 8.25–8.27 (1H, m, H-10); 13C
NMR: 24.6 (C-5), 28.1 (C-6), 116.9 (CN), 90.0, 120.1, 123.6,
126.3, 127.3, 127.8, 130.3, 130.6, 132.1, 133.6, 134.8, 139.2,
151.9, 155.4, 158.3 (sp2 carbons); MS: m/z (%) 375 (100)
[M+] (C20H14
79BrN3), 376 (58) [M+1], 377 (95) [M+2]
(C20H14
81BrN3),374 (59) [MH], 294 (27) [MHBr–H], 278
(15) [294-NH2], 268 (4) [294-CN], 220 (7) [MC6H4Br], 148
(28) [220-HCN–C2H2–NH2–3H], 120 (19) [148-C2H2–2H].
2.2.10. 2-Amino-4-(40-chlorophenyl)-3-cyano-5,6-
dihydrobenzo[h]quinoline (4b)
Green cubes; m.p. 206 C (from ethanol); yield 39A, 44B, 37D,
37E%; IR (cm1): 3464, 3361 (NH2), 2207 (C„N);
1H NMR
(CDCl3): 2.57–2.64 (2H, m, CH2 at C-5), 2.76–2.80 (2H, m,
CH2 at C-6), 5.27 (2H, s, NH2), 7.19–7.21 (1H, m, H-7), 7.26
(2H, d, J= 8.8, H-30, H-50), 7.34–7.37 (2H, m, H-8, H-9),
7.47 (2H, d, J= 8.0, H-20, H-60), 8.25–8.27 (1H, m, H-10);
13C NMR: 24.6 (C-5), 28.1 (C-6), 116.9 (CN), 90.1, 120.2,
126.3, 127.3, 127.8, 129.2, 130.0, 130.6, 133.6, 134.4, 135.3,
139.2, 152.0, 155.4, 158.3 (sp2 carbons); MS: m/z (%) 331
(100) [M+] (C20H14
35ClN3), 332 (43) [M+1], 333 (33)
[M+2] (C20H14
37ClN3), 330 (70) [MH], 294 (15) [MHCl–
H], 278 (14) [294-NH2], 220 (8) [MC6H4Cl], 148 (18) [220-
HCN–C2H2–NH2–3H], 120 (20) [148-C2H2–2H].
2.2.11. 2-Amino-4-(20,40-dichlorophenyl)-3-cyano-5,6-
dihydrobenzo[h]quinoline (4c)
Pale yellow cubes; m.p. 230 C (from ethanol); yield 35A, 33D%;
IR (cm1): 3469, 3365 (NH2), 2217 (C„N);
1H NMR (DMSO-
d6): 2.40–2.58 (2H, m, CH2 at C-5), 2.78–2.83 (2H, m, CH2 at C-
6), 5.26 (2H, s, NH2), 7.18–7.22 (1H, m, H-7), 7.20 (1H, d,
J= 8.0, H-60), 7.34–7.36 (2H, m, H-8, H-9), 7.39 (1H, dd,
3J= 8.0, 4J= 2.2, H-50), 7.55 (1H, d, 4J= 2.2, H-30), 8.25–
8.31 (1H, m, H-10); 13C NMR: 24.2 (C-5), 27.9 (C-6), 116.2(CN), 90.3, 120.9, 126.3, 127.3, 127.89, 127.94, 130.1, 130.8,
130.9 133.3, 133.5, 133.6, 136.0, 139.4, 149.6, 155.3, 158.1 (sp2
carbons); MS: m/z (%) 365 (100) [M+] (C20H13
35Cl35ClN3),
367 (64) [M+2] (C20H13
35Cl37ClN3), 369 (11) [M+4]
(C20H13
37Cl37ClN3), 364 (43) [MH], 330 (24) [MCl], 294
(11) [330-HCl], 220 (11) [MC6H3Cl2], 165 (11) [220-HCN–
C2H2–2H], 147 (19) [165-NH2].2.2.12. 2-Amino-3-cyano-4-(40-methoxyphenyl)-5,6-
dihydrobenzo[h]quinoline (4d)
Yellow needles; m.p. 174 C (from ethanol); yield 38A, 45B,
35C, 36D, 35E, 41F, 58G,55H%; IR (cm1): 3448, 3360 (NH2),
2207 (C„N); 1H NMR (CDCl3): 2.62–2.67 (2H, m, CH2 at
C-5), 2.76–2.79 (2H, m, CH2 at C-6), 3.87 (3H, s, OCH3),
5.15 (2H, s, NH2), 7.02 (2H, d, J= 8.8, H-3
0, H-50), 7.18–
7.21 (1H, m, H-7), 7.27 (2H, d, J= 8.8, H-20, H-60), 7.34–
7.36 (2H, m, H-8, H-9), 8.24–8.27 (1H, m, H-10); 13C NMR:
24.7 (C-5), 28.3 (C-6), 55.4 (OCH3), 117.3 (CN), 90.6, 114.2,
120.6, 126.2, 127.2, 127.8, 128.1, 130.0, 130.4, 133.8, 139.3,
153.1, 155.1, 158.3, 160.2 (sp2 carbons); MS: m/z (%) 327
(100) [M+] (C21H17N3O), 328 (22) [M+1], 326 (57) [MH],
312 (9) [MCH3], 296 (8) [MOCH3], 283 (10) [MNH2–
CN–2H], 220 (4) [MC6H4OCH3].
2.2.13. 2-Amino-3-cyano-4-(furan-2-yl)-5,6-
dihydrobenzo[h]quinoline (4e)
Black powder; m.p. 153 C (from ethanol); yield 32D, 36E,
33C%; IR (cm1): 3455, 3305 (NH2), 2203 (C„N);
1H NMR
(CDCl3): 2.81–2.86 (2H, m, CH2 at C-5), 2.91–2.95 (2H, m,
CH2 at C-6), 5.23 (2H, s, NH2), 6.60 (1H, dd, J(3,4) = 3.5,
J(4,5) = 1.8, H-4
0), 6.90 (1H, d, J(3,4) = 3.7, H-30), 7.21–7.24
(1H, m, H-7), 7.34–7.38 (2H, m, H-8, H-9), 8.19–8.22 (1H, m,
H-10); 13C NMR: 24.9 (C-5), 28.1 (C-6), 117.5 (CN), 87.7,
111.7, 114.0, 120.2, 126.2, 127.2, 127.7, 130.5, 133.7, 139.2,
140.7, 144.0, 148.0, 155.7, 158.8 (sp2 carbons); MS: m/z (%)
287 (100) [M+] (C18H13N3O), 288 (21) [M+1], 286 (71)
[MH], 269 (7) [MNH2–2H], 258 (25) [MC2H4–H], 241
(10) [269-C2H2–2H], 220 (1) [MC4H3O], 215 (4) [241-CN],
191 (24) [258-C4H3O].
2.2.14. 2-Amino-3-cyano-4-(thiophen-2-yl)-5,6-
dihydrobenzo[h]quinoline (4f)
Brown cubes; m.p. 189 C (from ethanol); yield 39D, 40E,
32C%; IR (cm1): 3455, 3305 (NH2), 2203 (C„N);
1H NMR
(CDCl3): 2.78–2.80 (4H, m, CH2 at C-5 & CH2 at C-6), 5.32
(2H, s, NH2), 7.17–7.21 (3H, m, H-7, H-3
0, H-40), 7.34–7.37
(2H, m, H-8, H-9), 8.25–8.27 (1H, m, H-10); 13C NMR: 24.8
(C-5), 28.1 (C-6), 116.8 (CN), 91.2, 121.5, 126.3, 127.3,
127.6, 127.8, 128.0, 129.2, 130.7, 133.2, 135.4, 139.3, 146.3,
155.0, 158.2 (sp2 carbons); MS: m/z (%) 303 (100) [M+]
(C18H13N3
32S), 304 (25) [M+1], 305 (6) [M+2]
(C18H13N3
34S), 302 (75) [MH], 285 (8) [MNH2–2H], 270
(27) [MS–H], 258 (11) [285-HCN], 220 (2) [MC4H3S].
2.3. General procedure for synthesis of 5a–c
2.3.1. Method A: for synthesis of 5a–c
To a freshly prepared sodium alkoxide solution (5 mmol of so-
dium metal in 50 mL of ethanol or methanol), 2b,d (5 mmol)
and 1-tetralone (5 mmol) were added with stirring. The
mixture was heated under reﬂux for 1 h, the solid product
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2.3.2. Method B: for synthesis of 5c
To a freshly prepared sodium methoxide solution (5 mmol of
sodium metal in 50 mL of methanol), 1d (0.68 g, 5 mmol), mal-
ononitrile (5 mmol) and 1-tetralone (5 mmol) was added with
stirring. The mixture was heated under reﬂux for 1 h, the solid
product obtained after cooling was collected by ﬁltration,
washed with methanol, dried and recrystallized.
2.3.3. 4-(40-Chlorophenyl)-3-cyano-2-ethoxy-5,6-
dihydrobenzo[h]quinoline (5a)
Beige powder, m.p. 193 C (from ethanol); yield 36A%; IR
(cm1): 2217 (C„N); 1H NMR (CDCl3): 1.50 (3H, t, J= 7,
CH3), 2.65–2.67 (2H, m, CH2 at C-5), 2.82 (2H, t, J= 7.3,
CH2 at C-6), 4.64 (2H, q, J= 7, CH2), 7.21–7.23 (1H, m, H-
7), 7.27 (2H, d, J= 8.0, H-30, H-50), 7.36–7.39 (2H, m, H-8,
H-9), 7.48 (2H, d, J= 8.1, H-20, H-60), 8.28–8.31 (1H, m, H-
10); 13C NMR: 14.6 (CH3), 24.6 (C-5), 27.9 (C-6), 63.2
(OCH2), 115.5 (CN), 94.8, 122.5, 126.3, 127.3, 127.9, 129.2,
130.0, 130.7, 133.6, 133.8, 135.5, 138.9, 153.9, 154.0, 162.9 (sp2
carbons); MS: m/z (%) 360 (100) [M+] (C22H17
35ClN2O), 361
(41) [M+1], 362 (35) [M+2] (C22H17
37ClO), 359 (47) [MH],
345 (85) [MCH3], 334 (18) [MCN], 333 (28) [MHCN],
332 (52) [MC2H4], 331 (48) [MC2H5], 325 (8) [MCl], 315
(11) [MOC2H5], 278 (27) [MOC2H5–HCl–H], 249 (3)
[MC6H4Cl].
2.3.4. 4-(40-Chlorophenyl)-3-cyano-2-methoxy-5,6-
dihydrobenzo[h]quinoline (5b)
White crystals, m.p. 211 C (from methanol); yield 48A%; IR
(cm1): 2221 (C„N); 1H NMR (CDCl3): 2.64–2.68 (2H, m,
CH2-5), 2.82 (2H, t, J= 7.3, CH2-6), 4.17 (3H, s, OCH3),
7.23–7.24 (1H, m, H-7), 7.26 (2H, d, J= 8.1, H-30, H-50),
7.38–7.40 (2H, m, H-8, H-9), 7.49 (2H, d, J= 8.1, H-20, H-60),
8.33–8.35 (1H, m, H-10); 13C NMR: 24.6 (C-5), 27.8 (C-6),
54.4 (OCH3), 115.5 (CN), 94.7, 122.7, 126.4, 127.3, 127.9,
129.2, 130.1, 130.8, 133.5, 133.7, 135.5, 138.9, 153.9, 154, 163.2
(sp2 carbons); MS: m/z (%) 346 (100) [M+] (C21H15
35ClN2O),
347(49) [M+1], 348 (36) [M+2] (C21H15
37ClN2O), 345 (80)
[MH], 331 (7) [MCH3], 320 (5) [MCN], 319 (10)
[MHCN], 318 (13) [MC2H4], 315 (6) [MOCH3], 311 (17)
[MCl], 166 (21) [311-C6H4Cl–C2H4–6H], 139 (17)
[166-HCN].
2.3.5. 3-Cyano-2-methoxy-4-(40-methoxyphenyl)-5,6-
dihydrobenzo[h]quinoline (5c)
Pale yellow scales; m.p. 180 C (from methanol); yield 39A,
31B%; IR (cm1): 2221 (C„N); 1H NMR (CDCl3): 2.68–2.72
(2H, m, CH2-5), 2.77–2.82 (2H, m, CH2-6), 3.85 (3H, s,
OCH3), 4.15 (3H, s, OCH3), 7.01 (2H, d,
3J= 8.8, H-30, H-50),
7.19–7.22 (1H, m, H-7), 7.25 (2H, d, 3J= 8.8, H-20, H-60),
7.35–7.37 (2H, m, H-8, H-9), 8.30–8.33 (1H, m, H-10); 13C
NMR: 24.7 (C-5), 27.9 (C-6), 54.3 (OCH3), 55.4 (OCH3),
115.9 (CN), 95.0, 114.2, 123.1, 126.3, 127.2, 127.4, 127.8,
130.1, 130.5, 133.8, 139.0, 153.6, 155.1, 160.3, 163.2 (sp2 car-
bons); MS: m/z (%) 342 (100) [M+] (C22H18N2O2), 343 (26)
[M+1], 341 (74) [MH], 327 (18) [MCH3], 315 (3) [MHCN],
314 (8) [MC2H4], 311 (16) [MOCH3], 280 (54) [M2OCH3],
235 (3) [MC6H4OCH3].2.4. General procedure for synthesis of 6a–e
2.4.1. Method A: for synthesis of 6a,e
A mixture of 1-tetralone (0.44 g, 3 mmol), 2g,i (3 mmol) and
ammonium acetate (1.85 g, 24 mmol) in ethanol (15 mL) was
heated under reﬂux for 5 h; the solid product was ﬁltered, dried
and recrystallized.
2.4.2. Method B: for synthesis of 6a,c,e
A mixture of 1-tetralone (0.44 g, 3 mmol), 2g,h,j (0.84 g,
3 mmol) and ammonium acetate (1.85 g, 24 mmol) was placed
in a 100 mL beaker covered with a watch glass and was then
irradiated with microwave (300 and 600 W) for 5–6 min. The
cold reaction mixture was treated with ethanol; the solid prod-
uct was ﬁltered and recrystallized.
2.4.3. Method C: for synthesis of 6c
A mixture of 1-tetralone (0.44 g, 3 mmol), 2k (0.61 g, 3 mmol)
and ammonium acetate (1.85 g, 24 mmol) was placed in a
100 mL beaker covered with a watch glass and was then irra-
diated with microwave (300 W) for 4 min. The cold reaction
mixture was treated with ethanol; the solid product was ﬁltered
and recrystallized.
2.4.4. Method D: for synthesis of 6a
A mixture of 1-tetralone (0.44 g, 3 mmol), 2g (0.84 g, 3 mmol)
and ammonium acetate (1.85 g, 24 mmol) in absolute ethanol
(10 mL) was placed in a 25 mL conical ﬂask, and was then irra-
diated in the water bath of an ultrasonic cleaner for 5 min, the
solid product was ﬁltered, wash with ethanol and recrystallized.2.4.5. Method E: for synthesis of 6a–c,e
Amixture of 1-tetralone (1.46 g, 10 mmol), 1a,b,d,g (10 mmol),
ethyl cyanoacetate (1.13 g, 10 mmol) and ammonium acetate
(6.16 g, 80 mmol) in absolute ethanol (50 mL) was heated under
reﬂux for 8 h; the solid product was ﬁltered, dried and
recrystallized.
2.4.6. Method F: for synthesis of 6a–c,e
Amixture of 1-tetralone (1.46 g, 10 mmol), 1a,b,d,g (10 mmol),
cyanoacetamide (0.84 g, 10 mmol) and ammonium acetate
(6.16 g, 80 mmol) in absolute ethanol (50 mL) was heated un-
der reﬂux for 8 h; the solid product was ﬁltered, dried and
recrystallized.
2.4.7. Method G: for synthesis of 6a,c,d
A mixture of 1-tetralone (1.46 g, 10 mmol), 1a,d,f (10 mmol),
ethyl cyanoacetate (1.13 g, 10 mmol) and ammonium acetate
(6.16 g, 80 mmol) was placed in a 100 mL beaker covered
with a watch glass and was then irradiated with microwave
(300–600 W) for 4–4.5 min. The cold reaction mixture was
treated with ethanol; the solid product was ﬁltered and
recrystallized.
2.4.8. Method H: for synthesis of 6a
A mixture of 1-tetralone (0.44 g, 3 mmol), 1a (0.56 g, 3 mmol),
ethyl cyanoacetate (0.34 g, 3 mmol) and ammonium acetate
(1.85 g, 24 mmol) in absolute ethanol (10 mL) was placed in
a 25 mL conical ﬂask, and was then irradiated in the water
bath of an ultrasonic cleaner for 15 min, the solid product
was ﬁltered, wash with ethanol and recrystallized.
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A mixture of 1-tetralone (1.46 g, 10 mmol), 1a,d,f,g (10 mmol),
cyanoacetamide (0.84 g, 10 mmol) and ammonium acetate
(6.16 g, 80 mmol) was placed in a 100 mL beaker covered with
a watch glass and was then irradiated with microwave (300–
600 W) for 4–4.5 min. The cold reaction mixture was treated
with ethanol; the solid product was ﬁltered and recrystallized.
2.4.10. Method J: for synthesis of 6c
A mixture of 3 (2.64 g, 10 mmol), ethyl cyanoacetate (0.34 g,
10 mmol) and ammonium acetate (6.16 g, 80 mmol) was
placed in a 100 mL beaker covered with a watch glass and
was then irradiated with microwave (300 W) for 4 min. The
cold reaction mixture was treated with ethanol; the solid prod-
uct was ﬁltered and recrystallized.
2.4.11. 4-(40-Bromophenyl)-3-cyano-1,2,5,6-tetrahydro-
benzo[h]quinolin-2-one (6a)
Yellow ﬁne cubes; m.p. >300 C (from acetic acid); yield 55A,
35B, 42C, 36D, 35F, 49G, 28H, 34I%; IR (cm1): 3131 (NH),
2222 (C„N), 1638 (C‚O); 1H NMR (DMSO-d6): 2.37 (2H,
t, J= 7.0 Hz, CH2 at C-5), 2.72 (2H, t, J= 7.3 Hz, CH2 at
C-6), 7.22-7.30 (1H, m, H-7), 7.25 (2H, d, J= 8.8, H-20, H-
60), 7.35–7.38 (2H, m, H-8, H-9), 7.65 (2H, d, J= 8.1, H-30,
H-50), 7.95 (1H, S, NH), 8.04 (1H, d, J= 7.3, H-10); MS: m/
z (%) 376 (81) [M+] (C20H13
79BrN2O), 377 (59) [M+1], 378
(100) [M+2] (C20H13
81BrN2O), 375 (42) [MH], 297 (27)
[MBr], 296 (20) [MHBr], 278 (18) [296-NH–3H], 267 (15)
[296-CO–H], 253 (9) [297-CN–NH–2H], 240 (16) [267-HCN],
148 (33) [MCN–CO–C6H4Br–NH–3H], 120 (36) [148-C2H4].
2.4.12. 4-(40-Chlorophenyl)-3-cyano-1,2,5,6-tetrahydro-
benzo[h]quinolin-2-one (6b)
Yellow ﬁne cubes; m.p. >300 C (from acetic acid); yield 42E,
35F%; IR (cm1): 3133 (NH), 2223 (C„N), 1637 (C‚O); 1H
NMR (DMSO-d6): 2.34–2.38 (2H, m, CH2 at C-5), 2.76 (2H,
t, J= 7.3 Hz, CH2 at C-6), 7.34 (1H, d, J= 7.3 Hz, H-7),
7.40–7.46 (2H, m, H-8, H-9), 7.49 (2H, d, J= 8.1 Hz, H-30, H-
50), 7.64 (2H, d, J= 8.8 Hz, H-20, H-60), 8.07 (1H, d, J= 7.4
Hz, H-10), 12.73 (1H, s, NH); MS: m/z (%) 332 (100) [M]
(C20H13
35ClN2O), 333 (41) [M+1], 334 (37) [M+2]
(C20H13
37ClN2O), 331 (57) [M1], 297 (14) [MCl], 296 (6)
[MHCl].
2.4.13. 3-Cyano-4-(40-methoxyphenyl)-1,2,5,6-tetrahydro-
benzo[h]quinolin-2-one (6c)
Pale yellow needles; m.p. >300 C (from acetic acid); yield 42C,
43E, 45F, 30G, 30H, 89J%; IR (cm1): 3127 (NH), 2220 (C„N),
1637 (C‚O); 1H NMR (DMSO-d6): 2.39–2.43 (2H, m, CH2 at
C-5), 2.74 (2H, t, J= 7.3 Hz, CH2 at C-6), 3.84 (3H, s,
OCH3), 7.10 (2H, d, J= 8.8 Hz, H-3
0, H-50), 7.33 (1H, d,
J= 7.3 Hz, H-7), 7.38 (2H, d, J= 8.8 Hz, H-20, H-60), 7.41-
7.45 (2H, m, H-8, H-9), 8.05 (1H, d, J= 7.4 Hz, H-10), 12.67
(1H, s, NH); MS: m/z (%) 328 (100) [M+] (C21H16N2O2), 329
(21) [M+1], 327 (49) [MH], 313 (10) [MCH3], 297 (13)
[MOCH3], 284 (10) [313-C2H4–H], 221 (2) [MC6H4OCH3].
2.4.14. 3-Cyano-4-(thiophen-2-yl)-1,2,5,6-tetrahydro-
benzo[h]quinolin-2-one (6d)
Pale green ﬁne cubes; m.p. >300 C (from acetic acid); yield
28G, 31H%; IR (cm1): 3188 (NH), 2220 (C„N), 1631(C‚O); 1H NMR (DMSO-d6): 2.50–2.55 (2H, m, CH2 at C-
5), 2.75–2.80 (2H, m, CH2 at C-6), 7.27 (1H, d, J(4,5) = 5.1, H-
40), 7.33–7.35 (2H, m, H-30, H-7), 7.39 (1H, t, J= 7.3, H-9),
7.44–7.47 (1H, m, H-8), 7.88 (1H, d, J(4,5) = 5.1, H-5
0)), 8.07
(1H, d, J= 7.4 Hz, H-10), 12.66 (1H, s, NH); MS: m/z (%)
304 (100) [M+] (C18H12N2O
32S), 305 (24) [M+1], 306 (12)
[M+2] (C18H12N2O
34S), 303 (77) [MH], 289 (3) [MNH],285
(13) [289-4H], 271 (19) [MCO], 221 [MC4H3S] (5).
2.4.15. 3-Cyano-4-(30,40-dimethoxyphenyl)-1,2,5,6-tetrahydro-
benzo[h]quinolin-2-one (6e)
Yellow needles, m.p. 269 C (from acetic acid); yield 55A, 42E,
49F, 31H%; IR (cm1): 3100 (NH), 2200 (C„N), 1639 (C‚O);
1H-NMR (CDCl3): 2.52–2.56 (2H, m, CH2-5), 2.74–2.76 (2H,
m, CH2-6), 3.87 (3H, s, OCH3), 3.92 (3H, s, OCH3), 6.82 (1H,
d, 4J= 1.5 Hz, H-20), 6.91 (1H, dd, 3J= 8.0 Hz, 4J= 2.2 Hz,
H-60), 6.97 (1H, d, 3J= 8.1 Hz, H-50), 7.40 (1H, td, 3J= 7.4
Hz, 4J= 1.5 Hz, H-8), 7.45 1H, td, 3J= 7.3 Hz, 4J= 1.4
Hz, H-9), 8.14 (1H, d, 3J= 7.3 Hz, H-10), 12.61 (1H, s,
NH); 13C NMR: 24.0 (C-5), 28.3 (C-6), 56.0 (OCH3), 56.2
(OCH3), 102.0, 111.3, 115.6, 115.64 (CN), 121.0, 124.9,
127.2, 127.3, 128.1, 128.4, 131.8, 139,1, 144.9, 149.1, 150.2,
161.4 (C‚O), 162.9; (C-4a within the base line); MS: m/z
(%)358 (100) [M+] (C22H18N2O3), 359 (22) [M+1], 357 (25)
[MH], 343 (11) [MCH3], 328 (13) [MC2H4–2H], 327
(44) [MOCH3].
2.5. General procedure for synthesis of 7a,b
2.5.1. Method A: for synthesis of 7a,b
A mixture of 6b,c (3 mmol) and P2S5 (0.67 g, 3 mmol) in pyr-
idine (8 mL) was heated under reﬂux for 32 h. The cold reac-
tion mixture treated with hot water, the solid product was
ﬁltered, dried and recrystallized.
2.5.2. Method B: for synthesis of 7b
Amixture of 6b (0.30 g, 1 mmol) andP2S5 (0.22 g, 1 mmol) and a
few drops of pyridinewas placed in a 25 mLbeaker coveredwith
a watch glass and was then irradiated with microwave (300 W)
for 15 min. The cold reaction mixture was treated with ethanol;
the solid product was ﬁltered and recrystallized.
2.5.3. Method C: for synthesis of 7b
A mixture of 1-tetralone (0.44 g, 3 mmol), 2 l (0.65 g, 3 mmol)
and ammonium acetate (1.85 g, 24 mmol) was placed in a
100 mL beaker covered with a watch glass and was then irra-
diated with microwave (300 W) for 2 min. The cold reaction
mixture was treated with ethanol; the solid product was ﬁltered
and recrystallized.
2.5.4. Method D: for synthesis of 7b
A mixture of 1-tetralone (1.46 g, 10 mmol), 4-methoxybenzal-
dehyde (1.36 g, 10 mmol), cyano-thioacetamide (1 g, 10 mmol)
and ammonium acetate (6.16 g, 80 mmol) in absolute ethanol
(50 mL) was heated under reﬂux for 8 h; the solid product
was ﬁltered, dried and recrystallized.
2.5.5. Method E: for synthesis of 7b
A mixture of 1-tetralone (1.46 g, 10 mmol), 4-methoxybenzal-
dehyde (1.36 g, 10 mmol), cyano-thioacetamide (1 g, 10 mmol)
and ammonium acetate (6.16 g, 80 mmol) was placed in a
204 T.M. Al-Mutairi et al.100 mL beaker covered with a watch glass and was then irra-
diated with microwave (300 W) for 4 min. The cold reaction
mixture was treated with ethanol; the solid product was ﬁltered
and recrystallized.
2.5.6. 4-(40-Chlorophenyl)-3-cyano-2-thioxo-1,2,5,6-tetrahydro-
benzo[h]quinoline (7a)
Yellow ﬁne needles; m.p. 285 C (from DMF); yield 82A, 31B,
79C, 29D, 29E%; IR (cm1): 3461 (NH), 2224 (C„N), 1087
(C=S); MS: m/z (%) 348 (100) [M+] (C20H13
35ClN2
32S),
349 (50) [M+1], 350 (34) [M+2] (C20H13
37ClN2
32S),
(C20H13
35ClN2
34S), 347 (78) [MH], 313 (22) [MCl], 312
(16) [MHCl], 279 (39) [312-SH], 278 (47) [312-SH–H], 263
(11) [278-NH], 253 (19) [279-CN], 251 (23) [277-CN], 225
(12) [251-C2H2].
2.5.7. 3-Cyano-4-(40-methoxyphenyl)-2-thioxo-1,2,5,6-
tetrahydro-benzo[h]quinoline (7b)
Brown ﬁne needles; m.p. 226 C (from DMF); yield 99A%; IR
(cm1): 3422 (NH), 2213 (C„N), 1177 (C=S); MS: m/z (%)
344 (100) [M+] (C21H16N2O
32S), 345 (27) [M+1], 346 (8)
[M+2] (C21H16N2O
34S), 343 (68) [MH], 327 (21)
[MCH3–2H], 313(10) [MOCH3], 300 (7) [327-CN–H].CN
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Scheme 1 (i) CNCH2R, (a) 1 drop pyridine, EtOH, reﬂux, 15–90 min
2c,d,g,h,k,l; (c) H2O stirring, r.t. 1–2 h for 2b,c,g; (d) 1 drop pyridine, u
MW, 30 s. (iii) 1-Tetralone, NH4OAc, (a) EtOH, reﬂux 5 h for 4a–d; (
Tetralone, CH2(CN)2, NH4OAc, (a) EtOH, reﬂux, 8 h for 4a–f; (b) MW
NH4OAc, (a) EtOH, reﬂux 8 h for 4d; (b) MW 4 min. for 4d; (c) EtOH,
(vii) 1-Tetralone, CH2(CN)2, ROH; Na, reﬂux 1 h for 5c.2.6. General procedure for synthesis of 8a,b
2.6.1. Method A: for synthesis of 8a,b
To a hot solution of 4a,d (1 mmol) in acetic anhydride (4 mL)
one drop of conc. H2SO4 was added, left for 24 h, then poured
into ice-cold water. The solid product obtained was washed
with water and recrystallized.
2.6.2. Method B: for synthesis of 8a
A mixture of 4a (1.13 g, 3 mmol) in acetic anhydride (6 mL)
was heated under reﬂux for 45 min.; the solid product was ﬁl-
tered, dried and recrystallized.
2.6.3. N-(4-(4-bromophenyl)-3-cyano-5,6-
dihydrobenzo[h]quinolin-2-yl)acetamide (8a)
Beige powder; m.p. 292 C (from acetic acid); yeld 95A, 46B,
49C%; IR (cm1): 3213 (NH2), 2229 (C„N), 1670 (C‚O);
1H NMR (DMSO-d6): 2.15 (3H, s, CH3), 2.66 (2H, t, J= 7,
CH2 at C-5), 2.84 (2H, t, J= 7, CH2 at C-6), 7.33 (1H, d,
J= 6.6, H-7), 7.40–7.46 (2H, m, H-8, H-9), 7.42 (2H, d,
J= 8.1, H-20, H-60), 7.79 (2H, d, J= 8.8, H-30, H-50), 8.20
(1H, dd, 3J= 7.7, 4J= 2.2, H-10), 10.83 (1H, s, NH); 13C
NMR: 23.6 (CH3), 25.0 (C-5), 27.1 (C-6), 116.1 (CN), 104.1,
120.1, 123.4, 126.2, 127.6, 127.7, 128.8, 131.5, 132.3, 133.1,R
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One-pot multicomponent synthesis of some 5,6-dihydro-benzo[h]quinoline derivatives 205134,8, 139.6, 151.4, 152.6, 154.7, (sp2 carbons) 169.5 (C‚O);
MS: m/z (%) 417 (31) [M+] (C22H16
79BrN3O), 418 (16)
[M+1], 419 (29) [M+2] (C22H16
79BrN3O), 416 (9) [MH],
375 (100) [MCOCH3+H], 374 (52) [375-H], 294 (28) [374-
Br–H].
2.6.4. N-(3-cyano-4-(40-methoxyphenyl)-5,6-
dihydrobenzo[h]quinolin-2-yl)acetamide (8b)
Pale yellow ﬁne cubes, m.p. 232 C (from ethanol); yield 85A%;
IR (cm1): 3221 (NH2), 2230 (C„N), 1668 (C‚O);
1H-NMR
(DMSO-d6): 2.15 (3H, s, CH3), 2.71–2.72 (2H, m, CH2 at C-
5), 2.80–2.86 (2H, m, CH2 at C-6), 7.12 (2H, d, J= 8.8, H-3
0,
H-50), 7.31 (1H, dd, 3J= 7.7, 4J= 2.2, H-7), 7.38 (2H, d,
J= 8.1, H-20, H-60), 7.40–7.43 (2H, m, H-8, H-9), 8.19–8.21
(1H, m, H-10), 10.77 (1H, s, NH); 13C NMR: 23.6 (CH3), 25
1(C-5), 27.2 (C-6), 55.8 (OCH3), 104.7, 114.6, 116.3 (CN),
126.2, 127.6, 127.9, 128.6, 130.8, 131.3, 133.3, 139.5, 151,5,
153.7, 154.5, 160.4, 169.5 (sp2 carbons); MS: m/z (%) 369 (49)
[M+] (C23H19N3O2), 370 (12) [M+1], 328 (22) [MCN–
OCH3], 327 (100) [MCOCH3+H], 326 (52) [327-H].
2.6.5. 8-Amino-7-(40-methoxyphenyl)-5,6-
dihydrobenzo[h]pyrimido[4,5-b]quinoline (9)
A mixture of 4d (0.65 g, 2 mmol), formamide (2 g, 44 mmol),
formic acid (1 g, 22 mmol) and DMF (1 mL) was heated under
reﬂux for 21 h; the solid product was ﬁltered then boiled sev-
eral times with ethanol. It was separated on silica gel plates
(20 · 20 cm) by chromatography using chloroform: ethanol
(9.5:0.5) as eluent to give a 88% yield of 6 as yellow ﬁne cubes,
m.p. C; IR (cm1): 3183, 3069 (NH2); 1H NMR (CDCl3):
2.65–2.68 (2H, m, CH2 at C-6), 2.78–2.82 (2H, m, CH2 at C-
5), 3.83 (3H, s, OCH3), 5.16 (2H, s, NH2), 6.96 (2H, d,
J= 8.8 Hz, H-30, H-50), 7.09 (2H, d, J= 8.8 Hz, H-20, H-
60), 7.18–7.22 (1H, m, H-4), 7.35–7.37 (2H, m, H-2, H-3),
8.24–8.26 (1H, m, H-1); 9.57 (1H, s, H-10); 13C NMR: 24.7
(C-6); 28.3 (C-5); 55.3 (OCH3); 113.8; 117.4; 126.3; 127.3;
127.9; 129.1; 129.3; 129.9; 130.8; 134.6; 139.3; 145.5, 150.6;
153.4; 159.2; 159.8; 163.7; MS: m/z (%) 354 (2) [M+]
(C22H18N4O); 356 (100) [M+2H].ArCHO
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Scheme 2 (i) 1-Tetralone, NH4OAc, (a) EtOH, reﬂux 5 h for
6a,e; (b) MW 4–6 min for 6a,c,d 2 min for 7b; (c) EtOH, US 5 min
for 6a. (ii) 1-Tetralone, NCCH2CO2Et or NCCH2CONH2,
NH4OAc, (a) EtOH, reﬂux 8 h for 6a–c,e; (b) MW 4–4.30 min
for 6a,c–e; (c) EtOH, US 15 min for 6a. (iii) NCCH2CO2Et,
NH4OAc, MW 4.00 min for 6c. (iv) (a) P2S5, piperidine, reﬂux
32 h for 7a,b; (b) P2S5, MW 4 min for 7b. (v) 1-Tetralone,
NCCH2CSNH2, NH4OAc (a) EtOH, reﬂux 8 h for 7b; (b) MW
4 min for 7b.2.7. Measurement of potential cytotoxicity by SRB assay
Potential cytotoxicity of the compounds 4a–f was tested using
the method of Skehan and Storeng (1990). Cells Hepatocellular
carcinoma (HEPG2), Human breast adenocarcinoma (MCF7),
Cervix adenocarcinoma (HELA) and Glioblastoma (U251)
were plated in 96-multiwell plate (104 cells/well) for 24 h before
treatment with the compounds to allow attachment of cell to the
wall of the plate.Different concentrations of the compounds un-
der test (0, 1, 2.5, 5 and 10 lg/mL) were added to the cell mono-
layer. Triplicate wells were prepared for each individual dose.
Monolayer cells were incubated with the latter for 48 h at
37 Cand in atmosphere of 5%CO2. After 48 h, cells were ﬁxed,
washed and stained with Sulforhodamine B stain. Excess stain
was washed with acetic acid and attached stain was recovered
with Tris EDTA buffer. Colour intensity was measured in an
ELISA reader. The relation between the surviving fraction and
the concentration of the compound is plotted to get the survival
curve of each tumor cell line after the speciﬁed compound.
Doxorubicin and Cisplatin were used as reference drugs. Com-
pounds 4a–f did not show any cytotoxic activity.3. Results and discussion
The starting arylidenes 2a–l were synthesized in good yield
according to Knoevenagel condensation of an aromatic alde-
hyde with the appropriate compounds containing active meth-
ylene group, namely, ethyl cyanoacetate, malononitrile,
cyanoacetamide and cyano-thioacetamide either using thermal
method, stirring in water as a solvent at room temperature,
microwave irradiation or ultrasound techniques.
We have adopted one-pot multicomponent reactions for the
synthesis of the 2-amino-4-aryl-3-cyano-5,6-dihydrobenzo[h]
quinolines (4a–f) following the traditional reﬂuxmethod,micro-
wave and ultrasound irradiation of a mixture aldehydes 1a–f,
malononitrile and 1-tetralone in the presence of ammonium ace-
tate. Furthermore, treatment of 2a–d with 1-tetralone in the
presence of ammonium acetate using microwave or classical
heatingmethod afforded 4a–d. Compound 4dwas also obtained
by one-pot synthesis using ultrasound irradiation. The latter
compound was also prepared through the enone derivative 3
by the three mentioned methods (Scheme 1).The structures of
4a–f were assigned on the basis of spectroscopic analyses. Thus,
206 T.M. Al-Mutairi et al.IR spectra of 4a–f showed a band at 2203–2217 cm1 attributed
for CN stretching and two bands at 3446–3464 and 3261–
3365 cm1 indicating the presence of primary amino group.
Mass spectral data have been found to be in conformity with
the assigned structure. 1H NMR spectra of 4a–f contained two
multiplets each integrated for two protons, at d  2.7 ppm
(CH2 atC-5) and at d  2.85 ppm (CH2 atC-6) aswell as a signal
corresponding to primary amino group in the range d 5.15–
5.32 ppm. All other proton signals in the latter compounds were
in consistence with their structures (Section 2). The 13C NMR
spectra of 4a–f displayed signals for all carbon atoms in themol-
ecule. The spectra showed two signals at d 24.2–24.9 and 27.9–
28.3 assigned to carbons 5 and 6, respectively. On the other
hand, the signals in the ranges of d 87.7–91.2 and 158.1–158.8
are due to the resonance of the two carbons 3 and 2, respectively,
while C„N appeared in the range d 116.2–117.5 ppm.
Cyclization of arylidenes 2b,d with 1-tetralone and sodium
alkoxide by reﬂuxing in alcohol for 1 h afforded 2-alkoxy-4-
aryl-3-cyano-5,6-dihydro-benzo[h]quinoline 5a–c. A one-pot
four component reaction of 1d, 1-tetralone, malononitrile and
sodiummethoxide yielded compound 5c. The yields in both runs
were almost the same. Compound 5c was previously prepared
(El-Baih et al., 2006). The structural identity of 5a–c wasA
N
NN
NH2
OCH3
4
9
i
ii
4d
Scheme 3 (i) (a) Ac2O, heat, H2SO4, 24 h, r.t. for 8a,b; (b) Ac2O, reﬂconﬁrmed on the basis of their various spectral data
(Section 2).
4-Aryl-3-cyano-1,2,5,6-tetrahydro-benzo[h]-quinolin-2-ones
(6a–e) were prepared by one-pot four component reaction
(Scheme 2) from the corresponding aromatic aldehydes, 1-tet-
ralone, ethyl cyanoacetate or cyanoacetamide and ammonium
acetate following either the traditional heating method for 6a–
c,e or microwave irradiation 6a,c–e. Furthermore, 6a was ob-
tained on ultrasonoﬁcation over a 15 minute period. The latter
methodology led to the formation of 6a from the correspond-
ing arylidene but in a shorter time. Condensation of 2g,I,k
with 1-tetralone and NH4OAc adopting either the classical
heating method or microwave irradiation led to the formation
6a–c.
The sulphur analogues 7a,b were obtained in one-pot
reaction as shown (Scheme 2). Reﬂuxing 6b,c with P2S5 in
the presence of a base for 32 h gave 4-Aryl-3-cyano-2-thoxo-
1,2,5,6-tetrahydro-benzo[h]quinolines (7a,b), while microwave
irradiation of 6c and P2S5 in 4 min. afforded 7b in good yield.
Compound 6c was prepared by reacting of 3 with ethyl
cyanoacetate in the presence of NH4OAc under microwave
irradiation. 1H, 13C NMR and mass spectral data were consis-
tent with the structures of the prepared 6 and 7.N
NHN
CH3
O
Ar
N
NH2
CN
Ar
N
NHCOCH3
CN
Ar
a,d
8a,b
8 Ar
a 4-BrC6H4
b 4-OCH3
i
ux 45 min for 8a. (ii) Formamide, formic acid, DMF, reﬂux, 21 h.
One-pot multicomponent synthesis of some 5,6-dihydro-benzo[h]quinoline derivatives 207Attempts were made to prepare 2-methyl-pyrimidone deriv-
ative A by cyclization of 4a,d with acetic anhydride either in the
presence or the absence of conc. H2SO4 adopting the same pro-
cedure as in the literature (El-Baih, 2004; El-Baih et al., 2006;
Otto and Schmelz, 1979; Bedair et al., 2000). Instead we ob-
tained the acetylamino derivatives 8a,b as indicated unambigu-
ously from the NMR and mass spectral data of the reaction
products. Reﬂuxing 4d with formamide and formic acid in
DMF for 21 hours gave the tetracyclus 9 (Scheme 3). The EI-
mass spectrum of the latter condensate showed the expected
molecular ion at m/z= 354, and the fragmentation pattern is
in accord with the proposed structure. IR spectrum of 9 exhib-
ited the absence of stretching band of cyano group in 4d and a
strong absorption peaks at 3183 and 3069 cm1 attributed to
the amino group, while its 1HNMR spectrum disclosed a singlet
integrated for one proton at d 9.57 ppmwhich ascribed to H-10,
in addition to a broad signal at d 5.16 for amino group protons,
and expected signals of all other protons in the molecule.
4. Conclusion
In the present work, we reported for the ﬁrst time one-pot mul-
ticomponent synthesis of 2-amino-4-aryl-3-cyano-5,6-dihydro-
benzo[h]quino-lines and some other structurally related hetero-
cycles. We have also demonstrated the use of microwave and
ultrasound irradiation methods for the synthesis of these het-
erocycles. Structural elucidation of the target compounds
was fully demonstrated by various spectral data.Acknowledgements
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